This study was performed to test the hypothesis that cholinoceptive basal forebrain systems can significantly influence cholinoceptive pontine mechanisms known to be important for generating rapid eye movement (REM) sleep. This hypothesis was examined by microinjecting the cholinergic agonist carbachol or saline (vehicle control) into the pons, the basal forebrain, or simultaneously into the pons and basal forebrain, while quantifying the effects on sleep and wakefulness in unanesthetized, chronically instrumented cats. All microinjections were made during wakefulness and were followed by 2 or 4 hr of recording.
Polygraphic records were scored for wakefulness, non-REM sleep, REM sleep, and the REM sleep-like state evoked by pontine administration of carbachol (DCarb). Dependent variables quantified following each microinjection included the percentage of recording time spent in each state, the latency to onset of non-REM, REM, and DCarb, the number of episodes per hour of each state, and the duration of the longest episode of each state.
A total of 149 microinjections were made into 15 forebrain and 11 pontine sites in eight cats. Basal forebrain administration of carbachol significantly increased wakefulness. Pontine microinjection of carbachol produced a state that polygraphically and behaviorally resembled REM sleep. This REM sleep-like state occurred in amounts significantly greater than natural REM sleep. Pontine carbachol also significantly decreased wakefulness and non-REM sleep. Simultaneous injection of carbachol into the pons and basal forebrain enhanced REM sleep, but the magnitude of this enhancement was significantly less than the increase in REM sleep evoked by carbachol injection into the pons alone. The results show that cholinoceptive regions of the basal forebrain can increase wakefulness and reduce the ability of pontine carbachol to evoke the REM sleep-like state. These findings suggest that basal forebrain administration of carbachol activates an arousal-generating system that can successfully compete with the powerful cholinergic REM sleepgenerating system of the pons.
Pontine cholinergic and cholinoceptive mechanisms play a key role in the generation of rapid eye movement (REM) sleep (reviewed in Chase and Morales, 1990; Hobson, 1990; Steriade and McCarley, 1990; Jones, 199 1; Lydic and Baghdoyan, 1993) . The concept of cholinergic REM sleep generation has been supported by the finding that microinjection of cholinergic agonists and AChE inhibitors into the medial pontine reticular formation (mPRF) reliably produces a REM sleep-like state. The evocation of the REM sleep-like state has been shown to depend upon the site ofdrugadministration within the pons (Baghdoyan et al., 1987; Vanni-Mercier et al., 1989; Yamamoto et al., 1990) , to be dose dependent (Baghdoyan et al., 1984a (Baghdoyan et al., , 1989 , and to be blocked by specific muscarinic receptor antagonists (Baghdoyan et al., 1989; Lydic et al., 1989; Velazquez-Moctezuma et al., 199 1) . To date, the cholinoceptively evoked REM sleep-like state provides the only phenomenologically adequate model of REM sleep (Greene et al., 1989) . Although neurons of the mPRF are cholinoceptive (i.e., they possess cholinergic receptors), they are not cholinergic, since they do not contain ChAT (Jones and Beaudet, 1987; Vincent and Reiner, 1987) . The cholinergic input to the mPRF arises from the laterodorsal tegmental (LDT) and pedunculopontine tegmental (PPT) nuclei of the dorsolateral pons (Mitani et al., 1988; Shiromani et al., 1988) . Several lines of evidence suggest that the cholinergic projections from these nuclei to the mPRF are functionally important. Electrical stimulation of the PPT causes increased ACh release in the mPRF (Lydic and Baghdoyan, 1992) . Lesions of the pontine cholinergic nuclei disrupt REM sleep (Webster and Jones, 1988; Shouse and Siegel, 1992) and extracellular recordings of dorsolateral pontine neurons in chronically implanted cats (El Mansari et al., 1989; and rats (Kayama et al., 1992) have revealed populations of putatively cholinergic neurons that discharge in relation to REM sleep. Taken together, these data strongly support the view that cholinergic neurons of dorsolateral pons and noncholinergic, cholinoceptive mPRF neurons are important for REM sleep generation.
The forebrain also has been suggested to play an important role in regulating sleep and wakefulness (reviewed in Mancia and Marini, 1990) . It has been pointed out, however, that the idea of forebrain hypnogenic mechanisms still awaits conclusive data at the cellular level (Steriade and McCarley, 1990) . In spite of this important limitation, there are several lines of evidence suggesting that the basal forebrain is involved in regulating sleep.
One of the earliest ideas that the forebrain plays an important role in controlling sleep came from neuropathologic studies correlating lesions of the anterior hypothalamus with insomnia, and lesions of the posterior hypothalamus with hypersomnalence (von Economo, 1929 (von Economo, , 1930 . These clinical findings were subsequently supported by basic studies showing that insomnia could be produced by experimentally placed lesions of the preoptic basal forebrain (Nauta, 1946) and by ibotenic acidinduced lesions of the mediobasal preoptic area (Sallanon et al., 1989) . In intact animals, a small group of neurons that selectively increase their discharge rates prior to and during non-REM sleep have been recorded in the ventral basal forebrain McGinty, 1986, 1989) . If the basal forebrain is involved in controlling sleep, it must interact with brainstem cholinergic neurons that are important for REM sleep regulation and for EEG activation during wakefulness (Steriade and Buzsaki, 1990; . Such an interaction is suggested by both structural and functional evidence. Descending projections from the basal forebrain to the PPT have been described in rat (Swanson et al., 1984 (Swanson et al., , 1987 , cat, and monkey (Parent et al., 1988) . Electrical stimulation of the rat basal forebrain, including the substantia innominata and lateral preoptic area, can alter the discharge of PPT neurons (Swanson et al., 1984) .
In view ofthe data suggesting an interaction between the basal forebrain and pontine cholinergic neurons involved in REM sleepgeneration, the present study examined the hypothesis that basal forebrain microinjection of carbachol would significantly alter the ability of mPRF carbachol microinjection to evoke a REM sleep-like state. This hypothesis was tested by microinjetting the cholinergic agonist carbachol into the mPRF, the basal forebrain, or simultaneously into both the mPRF and the basal forebrain while quantifying the effects on sleep and wakefulness.
Portions of these data have been presented previously in abstract form (Baghdoyan, 199 1; Baghdoyan et al., 1990 ).
Materials and Methods
Animals and stereotaxic aim points. Eight adult male cats were anesthetized with halothane (1.5-3% in OL) and implanted with recording electrodes to measure states of sleep and wakefulness objectively (Ursin and Sterman, I98 I) and with stainless steel guide tubes to permit intracranial drug administration. The electrodes were positioned to record the electroencephalogram (EEG), electrooculogram (EOG), electromyogram (EMG), and ponto-geniculo-occipital (PGO) waves from the lateral geniculate bodies. Two pairs of bilateral guide tubes were implanted in each animal: one pair was aimed for the medial pontine reticular formation (mPRF), known also as the gigantocellular tegmental field (Berman, 1968) , and one pair was aimed for various forebrain sites (Berman and Jones, 1982) . As previously described, the tips of the guide tubes were left 5 mm above the targets to minimize cellular damage at the injection sites (Baghdoyan et al., 1987) . Cats were given 2-3 weeks to recover from surgery, during which time they were adapted to sleeping in the laboratory.
Pontine aim sites were chosen based upon our previous mapping studies defining a region in the mPRF from which the REM sleep-like state was evoked wiih a short latency and high percentage (Baghdoyan et al., 1984b (Baghdoyan et al., , 1987 . The present study targeted that pontine region by aiming the pontine guide tubes for posterior(P) 2.0 to P3.0, lateral (L) I .O to L1.5, and vertical (V) -6.0 (coordinates according to the sagittal plates in Berman, 1968) . The present study is the first to assess the potential influence of cholinoceptive basal forebrain sites on the cholinergically induced REM sleep-like state. Thus, in order to test for anatomical specificity and to find the most effective basal forebrain Sites, this study began to map the forebrain by aiming guide tubes at sites ranging from anterior (A) 14.5 to A16.0, L1.0 to L5.0, and V4.0 to V-1.5 (coordinates according to the coronal plates in Berman and Jones, 1982) .
Intracranial drug administration and experimental design. The microinjection procedure has been previously described in detail (Baghdoyan et al., 1987) . Briefly, drug injections were always made during wakefulness, and the cats were head restrained for the 3-5 min necessary for drug administration.
During separate experiments, cats received unilateral microinjections of carbachol (4 rg in 0.25 ~1 of sterile saline) into the pons alone, the forebrain alone, or simultaneously into the pons and the forebrain. Simultaneous pontine and forebrain microinjections were made on the same side of the brain, and each site received 4 pg of carbachol. Control injections of saline (0.25 ~1) were made into every site that received carbachol in all cats. A maximum of three carbachol and three saline injections were made into the same site in the same cat.
Polygraphic recording and scoring of behavioral states. Upon completion of the microinjection procedure, cats were released from head restraint and placed in the recording chamber, where they were free to move. Polygraphic variables were recorded continuously through a shielded cable for 2 or 4 hr beginning at the time of injection onset, and behavior was observed on a video monitor. States of wakefulness (W), non-REM or synchronized (S) sleep, and rapid eye movement (REM) or desynchronized (D) sleep were scored in real time according to standard polygraphic and behavioral criteria (Ursin and Sterman, 1981) . The REM sleep-like state produced by pontine microinjection of carbachol (DCarb) was scored according to previously described criteria (Baghdoyan et al., 1984a (Baghdoyan et al., , 1987 . All states were scored in 30 set epochs, yielding a total of 240 or 480 bins following each microinjection trial.
Data analysis. The polygraphic and behavioral measures provided the following dependent variables quantified for each microinjection trial: (1) percentage of total recording time spent in W, S, and D or DCarb; (2) latency lo onset of the first episode of S and D or DCarb, as measured from the time of injection onset; (3) number of episodes of W, S, and D or DCarb per hour; and (4) duration of the longest episode of W, S, and D or DCarb. Analyses of variance and t tests were used to examine the effects ofmicroinjection site (pons vs basal forebrain vs pons and basal forebrain) and drug (carbachol vs saline) on state of consciousness (W, S, D, and DCarb).
Histological localization ef injection sites. At the conclusion of the microinjection experiments, cats were deeply anesthetized with pentobarbital (40 mg/kg) and perfused transcardially with heparinized saline followed by 10% formalin. The brains were removed and postfixed in 10% formalin. Frozen sagittal brainstem sections and coronal forebrain sections were cut at 40 pm in thickness, mounted on chromealum-coated slides, and stained with cresyl violet. All histological sections that contained a lesion made by the microinjector were projected and drawn, and the injection sites were localized according to the sagittal plates in Berman (1968) and the coronal plates in Berman and Jones (1982) . Figure 1 shows a representative histological section that includes one injection site in the pons (Fig. IA) and one injection site in the basal forebrain (Fig. 1 B) .
Results
A total of 149 microinjections were made into 15 forebrain and 1 1 pontine sites. The effects of pontine carbachol on behavioral state are known to depend upon the site of carbachol administration within the pons (Baghdoyan et al., 1987; Vanni-Mertier et al., 1989; Yamamoto et al., 1990) . Therefore, the analyses reported below quantify the effects on D sleep of microinjecting carbachol into the pons (Table 1 ). In addition, the present results describe for the first time the effects of pontine carbachol administration on the latency, frequency, and duration of W and S sleep (Table 1) . The results are organized into nine subsections: (1) histological analyses, (2) timing of sleep and wakefulness, (3) effects of basal forebrain carbachol on percentage of state, (4) effects ofbasal forebrain carbachol on sleep latency, (5) effects of basal forebrain carbachol on the frequency of behavioral state episodes, (6) effects of basal forebrain carbachol on the duration of behavioral state episodes, (7) state-independent polygraphic sleep signs, (8) behaviors during wakefulness, and (9) effects of carbachol injections into the caudate nucleus.
Histological analyses. Figure 2A shows the location of all pontine injection sites. As summarized in Table I , microinjec- Figure 1 . Histological localization of injection sites. A, Line drawing ofa sagittal section of the cat brainstem at 1.2 mm from the midline (modified from Berman, 1968) . Rostra1 is to the right. The boxed area is enlarged in the adjacent photomicrograph. The arrow on the photomicrograph marks the tip of the injection site, located in the mPRF (also called gigantocellular tegmental field). 6N, abducens nerve; 7G, genu of the facial nerve; FTC, central tegmental field; FTC, gigantocellular tegmental field, TRC, tegmental reticular nucleus, central division; TV, ventral tegmental nucleus. B, Line drawing of a coronal section of the cat forebrain at 15.6 mm anterior to stereotaxic zero (modified from Berman and Jones, 1982) . The boxed area is enlarged in the adjacent photomicrograph. The arrow on the photomicrograph marks the tip of the injection site, located in the substantia innominata (SI). AC, anterior commissure; DEH, nucleus of the diagonal band of Broca, horizontal division; DBV, nucleus of the diagonal band of Broca, vertical division; IC, internal capsule; L V, lateral ventricle. Scale bar, 1 mm for both photomicrographs.
tion of carbachol into these sites significantly increased the percentage, frequency, and duration of DCarb and significantly reduced the latency to onset of DCarb. Figure 2B shows the location of all forebrain injection sites. Forebrain injections were made into the caudate nucleus and the basal forebrain, including the substantia innominata and the diagonal band of Broca. For subsequent statistical analyses of the mean effects on state of forebrain carbachol, the data were divided into two groups based upon location of the forebrain injection site. Data obtained following microinjection into the basal forebrain ( Fig. 2B , circles; N = 11 sites in 6 cats) were averaged together and the results of these analyses are summarized in Figures 4-8 and Tables 2 and 3. Statistical analyses were not performed on data obtained following microinjections into the caudate nucleus ( Fig. 2B, triangles ; N = 4 sites in 2 cats).
Timing of sleep and wakefulness. TV, ventral tegmental nucleus. B, The 11 basal forebrain (circles) and four caudate nucleus (triangles) injection sites are indicated on a coronal, schematic drawing of the cat forebrain at Al 5.6 (modified from Berman and Jones, 1982) . The mean (*SD) anterior coordinate of all forebrain sites was A15.2 f 0.7. Tick marks on the box surrounding the schematic indicate stereotaxic zero in the mediallateral and dorsal-ventral planes. CA, caudate nucleus; CC, corpus callosum; CL, claustrum; DBH, nucleus of the diagonal band of Broca, horizontal division; DBV, nucleus ofthe diagonal band ofBroca, vertical division; IC, internal capsule; LV, lateral ventricle; PU, putamen; SI, substantia innominata. of experiments in one animal, showing the effects on sleep and wakefulness of microinjecting carbachol into the pons alone (Fig. 3, top left) , the forebrain alone (Fig. 3 , middle left), and simultaneously into the pons and the forebrain (Fig. 3 , bottom sites in 6 cats) into the mPRF. All injections were performed during wakefulness. Dependent measures include the percentage of total recording time spent in each state (Percentage), the latency in minutes to onset of the first episode (Latency), the number of episodes per hour (Frequency), and the duration in minutes of the longest episode per trial (Duration). Significance levels are given in the last column (P). left). As previously reported (Table 1; Baghdoyan et al., 1984b Baghdoyan et al., , 1987 Baghdoyan et al., , 1989 , following pontine carbachol (Fig. 3 , top left), S sleep was eliminated and the cat spent much more time in DCarb than it typically spent in D sleep during control recordings (Fig. 3 , top right). Forebrain carbachol (Fig. 3 , middle left) produced a marked suppression of both S sleep and D sleep, with a concomitant increase in wakefulness (compare Fig. 3 , middle left and middle right). The effects of simultaneous pontine and forebrain carbachol administration (Fig. 3 , bottom left) were to produce wakefulness during the first hour postinjection and DCarb during 24 hr postinjection, and to eliminate S sleep for the entire 4 hr recording period.
Visual inspection ofFigure 3 shows that in addition to altering the amount of time spent in W, S sleep, and D sleep, carbachol also had site-specific effects on the latency, frequency, and duration of sleep and wakefulness. The next four sections describe, in a quantitative manner, the mean effects on behavioral state of carbachol administration. These data show that basal forebrain administration of carbachol exerted significant effects on the percentage, latency, and frequency of behavioral states. In general, the effects of basal forebrain carbachol on W and on D sleep were opposite in direction to the effects on behavioral state produced by pontine administration ofcarbachol. Simultaneous pontine and basal forebrain carbachol microinjections also significantly altered all dependent measures of behavioral state. The major finding to emerge from these simultaneous pontine and basal forebrain microinjections is that basal forebrain administration of carbachol diminished the powerful D sleepenhancing effects produced by microinjecting carbachol into the pons. This finding is summarized in Figure 4 , which shows that the enhancement of D sleep produced by pontine carbachol administration (solid bars) was reduced following simultaneous administration of carbachol into the pons and basal forebrain (crosshatched bars). Table 1 . The middle histograms of Figure  5A show that microinjection of carbachol into the basal forebrain caused a significant increase in wakefulness compared to saline-injected controls (t = 2.17; df = 50; p = 0.035). The solid histograms of Figure 5A compare the percentage of total recording time spent in wakefulness following carbachol injection into the pons, the basal forebrain, and simultaneously into the pons and basal forebrain. ANOVA revealed a significant site main effect of carbachol on the percentage of time spent in wakefulness (F = 6.417; df = 2,46; p = 0.003). Injection site comparisons showed a significant reduction in wakefulness following pontine carbachol compared to wakefulness following basal forebrain carbachol alone (Fig. 5A , solid histograms, left vs middle; t = 3.34; df = 34; p = 0.002). Similar results were obtained when the percentage of wakefulness following carbachol injection into pontine sites was compared to wakefulness following carbachol administered simultaneously to pontine and basal forebrain microinjection sites (Fig. 5A , solid histograms, left vs right; t = 3.27; df = 21; p = 0.004). Thus, simultaneous microinjection of carbachol into the pons and basal forebrain blocked the ability of pontine carbachol to decrease wakefulness significantly.
Figure 5B shows the percentage of recording time spent in S sleep following carbachol and saline microinjections into the pons, the basal forebrain, and simultaneously into the pons and basal forebrain. The effects of pontine carbachol on S sleep percentage are shown in the left histograms of Figure 5B and are described in Table 1 . The reduction in S sleep percentage following basal forebrain carbachol administration was not statistically significant (Fig. 5B , middle histograms; f = 1.94; df = 50; p = 0.058). Simultaneous pontine and basal forebrain carbachol administration did significantly reduce S sleep percentage below saline control levels (Fig. 5B , right histograms; t = 3.99; df = 24; p = 0.001). Figure 5C shows the effects on D sleep of microinjecting carbachol into the pons, the basal forebrain, and simultaneously into the pons and basal forebrain. The left histograms show the enhancement of D sleep evoked by pontine administration of carbachol (see also Table 1 ). In contrast, microinjection of carbachol into the basal forebrain (Fig. SC, middle histograms) produced a 53% decrease below control levels in the percentage of recording time spent in D sleep (t = 2.8 1; df = 26; p = 0.009). Thus, basal forebrain administration of carbachol suppressed the amount of natural D sleep.
Simultaneous pontine and basal forebrain carbachol administration produced a significant increase in DCarb over control levels of D sleep (Fig. 5C , right histograms; t = 4.21; df = 24, p < 0.000). Note, however, that the animals spent significantly less time in DCarb following simultaneous pontine and basal forebrain carbachol injections than they spent in DCarb follow- Figure 4 . Effect of simultaneous pontine and basal forebrain carbachol administration on pontine-evoked DCarb. These graphs show the percentage change from control for four dependent measures of D sleep following microinjection of carbachol into the pons (solid bars; N = 10 trials into 6 sites in 4 cats) and simultaneously into the pons and basal forebrain (crosshatched bars; N = 13 trials into 6 sites in 4 cats). These histograms represent the percentage increase or decrease from identical measurements that were taken following microinjection of saline into the pons (N = 11 trials into 7 sites in 5 cats) and simultaneously into the pons and basal forebrain (N = 13 trials into 6 sites in 4 cats). For all measures except D latency, the combined pontine and basal forebrain carbachol injections significantly diminished the effects caused by pontine injection of carbachol.
ing only pontine carbachol administration (Fig. SC, solid histograms, right vs left, 24.2% vs 55.5% of total recording time, respectively; t = 4.02; df = 2 1; p = 0.00 1). Thus, simultaneous pontine and basal forebrain microinjection of carbachol significantly decreased the ability of pontine carbachol to produce a D sleep-like state (see also Fig. 4 , top left). While previous studies have shown that pontine cholinoceptive D sleep enhancement can be blocked by direct antagonism of muscarinic, cholinergic receptors (Baghdoyan et al., 1984a (Baghdoyan et al., , 1989 Lydic et al., 1989; Imeri et al., 199 1; Velazquez-Moctezuma et al., 199 l) , the present results provide the first demonstration that the potent D sleep-enhancing effects evoked by cholinomimetics in the pons can be disrupted by microinjection of a choline@ agonist into another brain region.
Efects of basal forebrain carbachol on sleep latency.
The effects of carbachol administration on behavioral state were also assessed by measuring the latency to onset of the first S sleep and the first D sleep or DCarb episode. Because all microinjections were made during wakefulness, there was no measure of W latency. Figure 6 shows the mean latency to onset of S sleep (Fig. 6A) and D sleep or DCarb (Fig. 6B) following microinjection of carbachol or saline into the pons, the basal forebrain, and simultaneously into the pons and basal forebrain. ANOVA revealed significant site and drug main effects on both S sleep and D sleep latency (see Fig. 6 caption for F values and probability levels). S sleep latency (Fig. 6A) was significantly increased over control values by all carbachol microinjections (solid vs hatched histograms), independent ofsite (pons: left histograms and Table   1 ; basal forebrain: middle histograms; t = 2.18; df = 50; p = 0.034; pons and basal forebrain: right histograms; t = 7.80; df = 24; p < 0.000). As compared with saline-injected controls, basal forebrain carbachol evoked a 78% increase in S sleep latency, and simultaneous pontine and basal forebrain administration of carbachol increased S sleep latency by 494%. These findings are consistent with the data ofFigure 5B, which showed a decrease in S sleep percentage following carbachol injections. Basal forebrain microinjection of carbachol had no effect on D sleep latency (Fig. 6B, middle histograms; (solidbars) or saline (hatchedbars) into the pons (carbachol: N = 10 trials into 6 sites in 4 cats; saline: N = 11 trials into 7 sites in 5 cats), the basal forebrain (carbachol: N = 26 trials into 11 sites in 6 cats; saline: N = 26 trials into 11 sites in 6 cats), and simultaneously into the pons and forebrain (carbachol: N = 13 trials into 6 sites in 4 cats; saline: N = 13 trials into 6 sites in 4 cats jection of carbachol significantly reduced DCarb latency below control levels (Fig. 6B , right histograms; t = 4.68; df = 24; p < 0.000).
EJects of basal forebrain carbachol on the frequency of behavioral state episodes. The effects of carbachol microinjection into the pons, the basal forebrain, and simultaneously into the pons and basal forebrain on the frequency with which behavioral states occurred are shown in Figure 7 . Statistically significant site and drug main effects on the frequency of S sleep (Fig. 7B) and D sleep or DCarb (Fig. 7C ) episodes, and significant drug main effects on W frequency (Fig. 7A) were revealed by ANOVA (see Fig. 7 caption for F values and probability levels).
The frequency of wakefulness was significantly reduced below control levels following microinjection of carbachol into the basal forebrain (Fig. 7A , middle histograms; t = 2.30; df = 50; p = 0.025) and simultaneously into the pons and basal forebrain (Fig. 7A , right histograms; t = 3.70; df = 24; p = 0.001). The frequency of S sleep episodes (Fig. 7B ) was significantly reduced below saline control levels by microinjecting carbachol into the pons (Fig. 7B , left histograms; Table l), the basal forebrain (Fig.  7B , middle histograms; t = 2.43; df = 50; p = 0.019), or simultaneously into the pons and basal forebrain (Fig. 78 , right histograms; t = 6.42; df = 24; p < 0.000).
The frequency of D sleep or DCarb episodes (Fig. 7C ) was significantly increased following pontine carbachol injections (Fig. 7C , left histograms; Table 1 ) and after simultaneous pontine and basal forebrain administration of carbachol (Fig. 7C , right histograms; t = 3.9 1; df = 24; p = 0.00 1). As was observed for DCarb percentage (Fig. SC) , DCarb frequency per hour following pontine carbachol was significantly greater than DCarb frequency following simultaneous pontine and basal forebrain carbachol (Fig. 7C, solid histograms, left vs right, 5.6 vs 2.4 DCarb episodes, respectively; t = 2.77; df = 21; p = 0.011). Thus, simultaneous administration of carbachol into the basal forebrain reduced the ability of pontine carbachol to increase DCarb frequency (see also Fig. 4, bottom left) .
Eflects of basal.forebrain carbachol on the duration of behavioral state episodes. The final measure of behavioral state regulation examined in this study was duration of the longest episode of W, S, and D sleep or DCarb (Fig. 8) . ANOVA revealed a statistically significant drug main effect on duration of the longest S sleep episode and significant site and drug main effects on duration of the longest episode for D sleep or DCarb (see Fig. 8 caption for F values and probability levels).
The solid histograms of Figure 8A compare W duration following carbachol injection into the pons, the basal forebrain, and simultaneously into the pons and basal forebrain. ANOVA of this comparison revealed a significant site main effect of carbachol on the duration of wakefulness (F = 4.265; df = 2,46; p = 0.020). Injection site comparisons showed a significant reduction in W duration following pontine carbachol compared to W duration following basal forebrain carbachol alone (Fig.  8A , solid histograms, left vs middle; t = 2.77; df = 34; p = 0.009). W duration following microinjection of carbachol into the pons was also less than observed following simultaneous pontine and basal forebrain carbachol (Fig. 8A, solid histograms, left vs right; t = 2.65; df = 2 1; p = 0.0 15). Thus, basal forebrain administration of carbachol blocked the pontine carbachol-induced decrease in W duration.
S sleep duration was significantly reduced below control levels by microinjection of carbachol into the pons (Fig. 8B , left histograms; Table 1 ) and simultaneously into the pons and basal forebrain (Fig. 8B , right histograms; t = 2.93; df = 24; p = 0.007). These findings are consistent with the carbachol-induced reductions in S sleep percentage (Fig. 5B ) and S sleep frequency (Fig. 7B) , and the carbachol-induced increase in S sleep latency (Fig. 6A) . D sleep duration (Fig. 8C ) was also significantly altered following carbachol injections. Simultaneous pontine and basal forebrain microinjection ofcarbachol produced a 448% increase in duration of the longest DCarb episode as compared with control (Fig. 8C , right histograms; t = 3.73; df = 24; p = 0.00 I). As was observed for DCarb percentage (Fig. SC) and DCarb frequency (Fig. 7C) , DCarb duration following pontine carbachol (Fig. 8C ) was significantly greater than DCarb duration following simultaneous pontine and basal forebrain carbachol (Fig. SC, solid histograms, left vs right, 38.4 min vs 21.3 min, respectively; t = 2.19; df = 21; p = 0.040). Thus, the ability of pontine carbachol to increase the duration ofthe longest DCarb episode was reduced by microinjection of carbachol into the basal forebrain (see also Fig. 4, bottom right) .
State-independent polygraphic signs. The DCarb state is characterized by the simultaneous occurrence of muscle atonia, rapid eye movements, EEG desynchrony, PGO waves, and the behavioral appearance of sleep. Previous studies have reported that in addition to producing all of the foregoing D sleep signs, pontine carbachol administration can also elicit the occurrence of these polygraphic D sleep signs independently, without evoking a change in behavioral state from W to DCarb (Baghdoyan et al., 1982) . For example, following microinjection ofcarbach-01, a behaviorally awake animal can exhibit PGO waves , nystagmus-like eye movements, or atonia (Baghdoyan et al., 1982) , depending upon the intrapontine site ofdrug administration (Hobson et al., 1986) . Occasional clusters of spindles in the EEG also have been observed during DCarb (H.
A. Baghdoyan, unpublished observation). Other dissociations
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In order to assess the possible occurrence of state-independent sleep signs and the effects of basal forebrain injections on pontine-elicited state-independent sleep signs, the state-independent occurrence of PGO waves, skeletal muscle atonia, and EEG spindles was documented during the first 60 min postinjection. The results of these analyses are summarized in Table 2 . Following pontine injection of carbachol, the most frequent stateindependent sleep sign was PGO waves during behavioral and EEG wakefulness. The second most frequent state-independent sign to occur following pontine carbachol was skeletal muscle atonia during wakefulness. Table 2 also shows that basal forebrain administration of carbachol did not elicit state-independent sleep signs. Finally, following simultaneous pontine and basal forebrain administration of carbachol, the percentage of trials in which state-independent sleep signs occurred was always lower than the percentage of trials exhibiting state-independent signs following administration of carbachol into the pons alone.
Behaviors during wakqfulness. The foregoing analyses show that simultaneous pontine and basal forebrain carbachol administration reduced the ability of pontine carbachol to evoke polygraphic signs of D sleep, as well as the D sleep-like state. Could basal forebrain carbachol have suppressed DCarb by evoking behaviors that interfere with sleep? Table 3 documents the occurrence of several behaviors observed during the first 30 min postinjection. Following microinjection of saline, the most commonly observed behaviors were feeding and drinking. Carbachol, independent of its site of injection, reduced the percentage of trials in which feeding and drinking occurred. Circling, which rarely was observed following saline injection, occurred most frequently following pontine carbachol injection and least frequently following basal forebrain administration of carbachol. Table 3 indicates that the D sleep inhibition caused by basal forebrain carbachol administration was not due to the evocation of behaviors that indirectly suppressed sleep.
E8ect.s of carbachol injections into the caudate nucleus. The present study is the first to assess the influence ofcholinoceptive basal forebrain sites on DCarb. In order to test for anatomical specificity of the basal forebrain effect, two animals were implanted with guide tubes aimed for the caudate nucleus (Fig.  2B) , a forebrain region not implicated to be directly involved in sleep cycle control. Similar to basal forebrain injections of carbachol, caudate administration of carbachol also increased wakefulness and decreased sleep. Microinjection of carbachol into the caudate nucleus (N = 1 1 trials) caused a 33% increase in the percentage of time spent awake, a 5 1 O/o decrease in S sleep, Data are the occurrence of various wakefulness behaviors during the first 30 min following microinjection of carbachol (C; 4 &0.25 pl; N = 49 trials into 17 sites in 6 cats) or saline (S; 0.25 al; N = 50 trials into 18 sites in 6 cats). Values represent the percentage of trials in which the behaviors occurred at least once. Animals were free to move about the recording cage (2 feet wide x 3 feel long x 2 feet high) and had unlimited access to dry food and water. This table compares location of the pontine injection sites, dose of carbachol, microinjection volume, and latency to onset (*SD) of the DCarb state for four recent studies performed in cats. Only sites defined as most effective for evoking DCarb with a short latency are presented. The main point to emerge from this summary is that effective sites for the short-latency, cholinoceptive evocation of the REM sleep-like state are relatively widespread within the pans. A detailed comparison of methodological differences between these five studies is provided below. " Experiments by Baghdoyan et al. (1987) were performed in freely moving cats and microinjections were made during wakefulness. Stereotaxic coordinates are from the sagittal plates of Berman (1968) and it is important to note that a vertical coordinate of -7 in sagittal plate 36 corresponds to approximately -5.5 to -6.0 in coronal plate 19. Baghdoyan et al. (1987) defined a short latency as 520 min. /' The study by Vanni-Mercier et al. (1989) was performed in freely moving cats and microinjections were made during wakefulness. The authors derived their stereotaxic coordinates of the injection sites from sagittal brain stem sections. Vanni-Mercier et al. (1989) defined a short latency as 5 IO min. Yamamoto et al. (I 990) made their microinjections during wakefulness and their polygraphic recordings were obtained from head restrained cats. Stereotaxic coordinates are based on the atlas of Berman (1968) and were determined from coronal sections. Yamamoto et al. (1990) defined a short latency as < 5 min. il Reinoso-Suarez et al. (1990) did not provide a summary of stereotaxic coordinates for their effective injection sites. We derived these values by comparing the injection sites shown in Figure I of Reinoso-Suarez et al. (1990, p 52) with the coronal plates of Berman (1968) . Reinoso-Suarez et al. (1990) also did not provide the mean DCarb latency, and we derived this value from statements made on pp 5 1-52 of Reinoso-Suarez et al. (1990) . Neither the behavioral state of the cats during injections nor the restraint conditions during the recordings were reported by Reinoso-Suarez et al. (1990) .
and an 8 1% decrease in D sleep. There were important differences, however, between the effects produced by microinjecting carbachol into the caudate and into the basal forebrain. First, 8 1% of carbachol injections into the caudate were followed by locomotor circling, whereas basal forebrain carbachol evoked circling in only 3 1% of trials (Table 3) . Furthermore, 6 1% of the trials in which basal forebrain carbachol produced circling occurred in the same animal. In contrast, caudate carbachol administration produced circling from all four injection sites in both animals. Second, circling occurred much more frequently following simultaneous pontine and caudate carbachol administration than following simultaneous pontine and basal forebrain carbachol microinjections (86% vs 46% of trials, respectively). Third, 55% ofcaudate carbachol injections elicited hissing and growling, whereas hissing and growing occurred during only 4% (one trial) of basal forebrain carbachol injections (Table 3) . These findings suggest that microinjection of carbachol into the caudate nucleus caused a nonspecific suppression of sleep by directly or indirectly activating motor systems.
Discussion
The results show that (1) wakefulness was enhanced following basal forebrain injection of carbachol, (2) non-REM sleep was suppressed following microinjection of carbachol into all brain sites, (3) REM sleep was increased following pontine administration of carbachol, and (4) the DCarb state was suppressed by simultaneous administration of carbachol into the basal forebrain. The results show for the first time that microinjection of carbachol into the basal forebrain significantly reduced the ability of pontine carbachol to produce a REM sleep-like state (Fig. 4) . These results are discussed below with regard to the hypothesis that basal forebrain administration of carbachol activates an arousal-generating system that can successfully compete with the powerful cholinergic REM sleep-generating system of the pons. The carbachol-evoked REM sleep-like state. The present results are consistent with previous investigations showing that pontine administration of carbachol significantly enhanced the REM sleep-like state (reviewed in Steriade and McCarley, 1990; Velazquez-Moctezuma et al., 1990) . Cholinoceptive evocation of the REM sleep-like state has been shown to be site dependent within the pons (Baghdoyan et al., 1987; Vanni-Mercier et al., 1989; Yamamoto et al., 1990) and there is presently great interest in identifying effective pontine sites for the cholinoceptive induction of the REM sleep-like state. The following discussion compares results obtained from four recent studies designed to test the hypothesis that there is anatomical site specificity within the pons for producing the REM sleep-like state with carbachol. Examination of these data (Table 4) reveals that (1) effective sites for the short-latency evocation of the REM sleep-like state are relatively widespread within the pons, (2) within a restricted pontine region there is a high degree of variability in the latency to onset of the carbachol-induced REM sleep-like state, and (3) the optimal region for short-latency evocation ofthe REM sleeplike state is in the anterodorsal pons.
The first systematic, quantitative study mapping the ability of pontine carbachol to evoke a REM sleep-like state used multiple-regression analyses to demonstrate a statistically significant relationship between the three-dimensional coordinates (P, L, and V dimensions) of the pontine injection site and the percentage, latency, and duration of the carbachol-evoked REM sleep-like state (Baghdoyan et al., 1987) . The region mapped in this previous study extended from P1.8 to P7.2, LO.3 to L1.9, and V-5.5 to V-10 (coordinates according to the sagittal plates of Berman, 1968) . These data showed that anterodorsal pontine sites were significantly more effective than posteroventral pontine sites for the cholinoceptive evocation of the REM sleeplike state. The multiple-regression analyses also identified a region in the pontine reticular formation, rostra1 to the abducens nucleus and just below the ventral tegmental nucleus ofGudden, from which the REM sleep-like state could be evoked with a short latency and high percentage. From the multiple-regression equations, it was predicted that the optimal region for the cholinoceptive evocation ofthe REM sleep-like state would be more rostra1 and more dorsal than any sites previously injected (Baghdoyan et al., 1984~). Vanni-Mercier et al. (1989) conducted an extensive mapping study that included injection sites in the dorsal pons (Table 4) . These investigators evoked the REM sleep-like state from a region similar to the pontine area described above (Baghdoyan et al., 1987) . In addition, shorter latency sites for induction of the REM sleep-like state were found to be located more dorsally, in the locus coeruleus alpha (LC-CY), the peri-LC-cu, and the immediately adjacent mediodorsal pontine tegmentum (VanniMercier et al., 1989) . Thus, the empirical data of Vanni-Mercier et al. (1989) confirmed the mathematical prediction of Baghdoyan et al. (1984c Baghdoyan et al. ( , 1987 that the anterodorsal pons would be an effective region for the short-latency evocation of the REM sleep-like state, and delineated the location of this effective region (Table 4) . Vanni-Mercier et al. (1989) also reported that carbachol had no effect on REM sleep latency when injected into the nearby LC, and that carbachol significantly suppressed REM sleep when injected into the PPT.
Most recently, Yamamoto et al. (1990) systematically explored the anterodorsal pontine tegmentum to examine the ability of carbachol to evoke a REM sleep-like state. Yamamoto et al. (1990) mapped an area more rostra1 and dorsal to the region studied by Baghdoyan et al. (1987) including part of the region studied by Vanni-Mercier et al. (1989) . Yamamoto et al. (1990) found their most effective region to overlap with the most effective region of Vanni-Mercier et al. (1989) in the rostrodorsal and mediolateral planes (Table 4 ). The major difference between the findings of these two groups is that the effective region defined by Vanni-Mercier et al. (1989) is slightly more dorsal to the region defined by Yamamoto et al. (1990) . A maximally effective zone for the cholinoceptive evocation of the REM sleep-like state was depicted by Yamamoto et al. (1990) as a cylinder with an axis running paramedially. Yamamoto et al. (1990) suggested that DCarb latency decreased as a function of increased distance, in any direction, between the axis of the cylinder and location of the carbachol injection site. Thus, the effective zone for producing the REM sleep-like state was proposed to be surrounded by brain areas into which microinjection of carbachol either had no effect on REM sleep or caused REM sleep suppression. Reinoso-Suarez et al. (1990) also evaluated the effects on REM sleep of injecting carbachol into different pontine sites. They concluded that carbachol was more effective in evoking the REM sleep-like state from ventral rather than from dorsal sites. In fact, these investigators reported REM sleep suppression following carbachol injections into dorsal pontine sites. The apparent contradiction between the results obtained by Reinoso-Suarez et al. (1990) and the data described in detail above (Baghdoyan et al., 1987; Vanni-Mercier et al., 1989; Yamamoto et al., 1990) can be resolved by looking more closely at the actual location of the Reinoso-Suarez et al. (1990) injection sites rather than relying upon the descriptors "dorsal" and "ventral." As shown in Figure 1 of Reinoso-Suarez et al. (1990) at least one of their dorsal (i.e., REM sleep-suppressing) sites may have been in the PPT, an area shown by Vanni-Mercier et al. (1989) to suppress REM sleep when injected with carbachol. Yamamoto et al. (1990) also reported that carbachol injected into sites located more rostrally than Pl, more laterally than L2, and more dorsally than V-3.5 produced the longest latencies to onset and the lowest percentages of the REM sleep-like state. It appears that the dorsal injections of Reinoso-Suarez et al. (1990) were made into sites that have recently been shown to suppress REM sleep when injected with carbachol. Regarding the ventral sites of Reinoso-Suarez et al. (1990) Table 4 shows that these effective sites appear to overlap with the same region defined by Yamamoto et al. (1990) as effective in eliciting the REM sleeplike state. Thus, the results of Reinoso-Suarez et al. (1990) agree with those reported by Vanni-Mercier et al. (1989) and Yamamoto et al. (1990) .
The four previous microinjection studies are summarized by Table 4 . The injection sites of Baghdoyan et al. (1987) were the most ventral and the most medial within the cholinoceptive pontine reticular formation. Yamamoto et al. (1990) used the same dose and volume as Baghdoyan et al. (1987) and obtained shorter latencies from injection sites located more dorsally and more laterally. Vanni-Mercier et al. (1989) using a 1 O-fold lower dose of carbachol, injected sites similar to those injected by Yamamoto et al. (1990) and obtained latencies similar to Yamamoto et al. (1990) . This finding is in agreement with the dose-response curve of Baghdoyan et al. (1989) which showed that similar DCarb latencies were evoked from the same injection sites using 0.4, 1 .O, and 4.0 wg of carbachol. Thus, there is agreement between the three systematic mapping studies (Baghdoyan et al., 1984c (Baghdoyan et al., , 1987 Vanni-Mercier et al., 1989; Yamamoto et al., 1990) . These three studies suggest that, in contrast to the posteroventral pons, the anterodorsal pontine reticular formation is the most effective region for cholinoceptive evocation of the REM sleep-like state.
It is interesting to note that Yamamoto et al. (1990) found no significant relationship between latency to onset of the REM sleep-like state and the anatomical coordinates of the carbachol injection site. This lack of statistical significance does not mean that there is no anatomical specificity for the cholinoceptive evocation of the REM sleep-like state. It should be clear that the ability to evoke the REM sleep-like state is characterized by a high degree of variability. As can be seen in Figure 5 .4 of Yamamoto et al. (1990) from Pl to P3.5 of the pons, 35% of injections produced DCarb latencies of ~5 mitt, 37% of injections produced latencies of 5-10 mitt, and 28% of injections were characterized by latencies > 10 min. This variability is not unique to the data of Yamamoto et al. (1990) and is characteristic of all studies that use pontine microinjection of carbachol to produce the REM sleep-like state. This point is illustrated by Table 4 and calculations of the coefficients of variation for DCarb latency. The coefficients of variation associated with these mapping studies were 45% (Baghdoyan et al., 1987 ) 49% (VanniMercier et al., 1989 and 33% (Yamamoto et al., 1990) .
The existence ofthis large variability has led Lopez-Rodriguez et al. (1992) to propose that factors other than site, dose (Baghdoyan et al., 1989) , or volume (Silberman et al., 1980) of injection must influence the ability of pontine carbachol to evoke the REM sleep-like state. Yamamoto et al. (1990) also suggested that the sleep cycle phase of the animal prior to and during the microinjections may influence DCarb latency. An additional factor that has not been systematically studied, but is likely to influence latency, is whether the cat is head-restrained or freely moving throughout the injection and recording interval. Although these prior conditions and methodological factors differ between the studies summarized in Table 4 , these variables were held constant within each study. In spite of the high degree of variability (mean = 42%) these three independent mapping studies (Baghdoyan et al., 1984c (Baghdoyan et al., , 1987 Vanni-Mercier et al., 1989; Yamamoto et al., 1990) consistently support the conclusion that anterodorsal pontine sites produce shorter DCarb latencies than posteroventral sites. In the present study, the purpose of the pontine carbachol injections was not to map effective sites for REM sleep generation, but rather to evoke reliably a high percentage of the REM sleep-like state with a relatively short latency. This design was used to test the hypothesis that basal forebrain carbachol administration would alter the carbachol-induced REM sleep-like state. As shown in Figure 2A , the pontine injection sites of the present study (mean ? SD, P1.9 ? 0.9, Ll. 1 ? 0.4, V-6.9 ? 1.4) were located in the same area that was previously defined as effective (Baghdoyan et al., 1987) . The data in Table 1 confirm that carbachol injected into these sites produced a high percentage of the REM sleep-like state with a short latency to onset. Pontinecholinergic regulation ofREMsleep. Further evidence in support of the hypothesis that pontine cholinergic systems play a key role in the generation of natural REM sleep comes from the finding that a REM sleep-like state can be produced by pontine microinjection of the AChE inhibitor neostigmine (Baghdoyan et al., 1984a) . In addition, we have recently reported that the release of endogenous ACh in the mPRF is significantly increased during the carbachol-evoked REM sleep-like state (Lydic et al., 1991) . Endogenous ACh has also been measured during natural REM sleep in a nearby pontine reticular area, the dorsolateral tegmental field, and ACh release was significantly greater during REM sleep than during non-REM sleep or during wakefulness (Kodama et al., 1990) . ACh measured in the mPRF is presumed to be released from neurons whose cell bodies lie in the dorsolateral pons. Anatomical studies (Mitani et al., 1988; Shiromani et al., 1988) have shown that cholinergic neurons of the LDT and PPT send projections to the cholinoceptive region of the mPRF from which a REM sleep-like state can be evoked pharmacologically, and electrical stimulation of the PPT causes increased ACh release in the mPRF (Lydic and Baghdoyan, 1992) . Finally, selective lesions of the dorsolateral pontine cholinergic nuclei disrupt REM sleep (Webster and Jones, 1988; Shouse and Siegel, 1992 ) and single-unit recording studies across the sleep-wake cycle have revealed a population of putatively cholinergic neurons located in the LDT and PPT that increase their discharge rates prior to and during natural REM sleep (El Mansari et al., 1989; Kayama et al., 1992) . Taken together, these data strongly support the hypothesis that cholinergic neurons of the dorsolateral pons and non-cholinergic, cholinoceptive neurons of the mPRF are critically involved in the generation of REM sleep.
The mechanisms by which cholinergic and non-cholinergic, cholinoceptive pontine neurons interact with other brain regions and other neurotransmitter systems to produce the state of REM sleep are the focus of current investigation (for review, see Steriade and McCarley, 1990) . Although it has been known since the early brain transection studies ofJouvet (1962) that the pons can produce REM sleep without input from the telencephalon, diencephalon, or midbrain, it is clear that forebrain systems influence the activity of the pontine REM sleep generator (Mancia and Marini, 1990 ). The present data, summarized by Figure  4 , show that basal forebrain carbachol administration reduced the ability of pontine carbachol to evoke the REM sleep-like state. The present data thus raise the question of what pathways and mechanisms might basal forebrain inhibition of REM sleep be mediated.
Basal forebrain inhibition of REM sleep: possible neuroanatomical substrates. Direct projections from the basal forebrain to the rostra1 pontine reticular formation, including the LDT and PPT, have been described in several species (for reviews, see Koliatsos et al., 1990; Steriade and McCarley, 1990) . Parent et al. (1988) studied forebrain projections to the PPT in the cat using retrograde transport techniques and found that the most heavily labeled forebrain neurons following injection of tracer into the PPT were located in the medial and lateral part of the bed nucleus of the stria terminalis and the nucleus of the anterior commissure. Labeling was also observed in the preoptic area, the substantia innominata, the ventral pallidum, and the ventrolateral part of the horizontal limb of the diagonal band of Broca, indicating that these areas also project to the PPT. As shown in Figure 2A , some of the present injection sites were in forebrain areas known to project to LDT and PPT. If carbachol injection into these basal forebrain sites activated, either directly or indirectly, a projection system that inhibited LDT and PPT, then such inhibition might comprise one mechanism by which basal forebrain carbachol reduced both natural REM sleep and the carbachol-induced REM sleep-like state. Given that basal forebrain cholinergic neurons are hyperpolarized by muscarine (Khateb et al., 1991) and that few of the basal forebrain projections to the PPT are cholinergic (Parent et al., 1988; Koliatsos et al., 1990) it is unlikely that cholinergic neurons mediated the REM sleep-suppressive effects of basal forebrain carbachol reported here.
Basal ,forebrain control of non-REM sleep. Several lines of evidence suggest that the basal forebrain may play a role in the active generation of non-REM sleep (reviewed in Szymuziak and McGinty, 1990 ). The present results, however, showed that basal forebrain administration of carbachol suppressed non-REM sleep (Figs. 5-8 ). These data suggest that sleep-active basal forebrain neurons (Szymusiak and McGinty, 1986) are not cholinoceptive or that this population of basal forebrain neurons may be inhibited by carbachol. Hernandez-Peon et al. (1963 , 1967 evoked sleep following forebrain administration of ACh. Most of their injection sites were more lateral and more caudal than the sites microinjected with carbachol in the present study ( Fig. 2A) . Methodological differences between the present study and the studies of Hernandez-Peon et al. (1963 , 1967 (microinjection of known dosages vs application of ACh crystals, respectively) and the manipulation of different forebrain areas are likely to account for the different findings from these two laboratories.
Basal,forebrain enhancement of wakqfulness. The present results show that microinjection of carbachol into the basal forebrain produced an increase in wakefulness. The mechanisms by which this effect was mediated are not known. It has been suggested that cholinergic neurons of the basal forebrain produce neocortical activation and behavioral arousal by a dual mechanism involving direct projections to the cortex and suppression of reticular thalamic neurons responsible for spindle generation (Buzsaki et al., 1988; Steriade and Buzsaki, 1990) . ACh acting via a muscarinic receptor mechanism has been shown to inhibit cholinergic basal forebrain neurons in vitro (Khateb et al., 199 l) , and basal forebrain carbachol administration in rats reduced ACh turnover in the cortex (Robinson et al., 1988) suggesting that carbachol inhibits basal forebrain cholinergic neurons in vivo. If this is also true in the cat, then it is unlikely that basal forebrain carbachol administration in the present study could have increased wakefulness by activating cholinergic projection neurons.
Limitations and conclusions. The present results point to the need to specify the cellular level mechanisms by which cholinoceptive, basal forebrain neurons influence pontine REM sleep generating systems. While it has been shown that carbachol depolarizes the majority of non-cholinergic mPRF neurons (Greene et al., 1989) it appears that carbachol inhibits both pontine (Leonard and Llinas, 1988, 1990 ) and basal forebrain (Khateb et al., 199 1) cholinergic neurons. The present data cannot address the cellular-level mechanism by which basal forebrain administration of carbachol produced its effects on sleep and wakefulness.
Another limitation, which can be addressed by future studies, concerns the incomplete understanding of the types of cholinergic receptors in the basal forebrain. Whereas evocation of the carbachol-induced REM sleep like state from the pons has been shown to be dose dependent and mediated by muscarinic, chohnergic receptors (Hobson et al., 1983; Baghdoyan et al., 1984a Baghdoyan et al., , 1989 Velazquez-Moctezuma et al., 1989, 199 l) , the cholinergic receptor type in the basal forebrain mediating the increased wakefulness of the present report remains to be elucidated. the first time that cholinoceptive regions of the basal forebrain can suppress the occurrence of natural REM sleep and reduce the ability of pontine carbachol to evoke the REM sleep-like state. These findings encourage future studies aiming to specify the cellular and receptor level mechanisms by which the basal forebrain can influence pontine REM sleep-generating systems.
The anatomical extent of chohnoceptive basal forebrain sites that increase wakefulness and suppress sleep also remains to be determined. The present results encourage more extensive mapping studies designed to demarcate the site specificity of the basal forebrain carbachol effects on sleep and wakefulness.
In spite of the above limitations, the present results show for
